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Introduction
The conversion of tyrosyl residues into iodo-derivatives can be brought about under different ex perim ental conditions [1 -3 ] and is essentially an electrophilic substitution by iodine at the phenolic ring of tyrosine. This reaction has been perform ed for different purposes in protein chemistry, e.g. the iodination of tyrosine has been extensively used in the preparation of labelled proteins and peptidic h or mones by using radioactive iodine isotopes [4 -6 ] . U nfortunately this simple and rather popular reac tion is not highly selective. Secondary reactions may involve to some extent histidine [7] and sulfur con taining amino acids [8 ] yielding side products, which m ust be elim inated by chrom atographic purification of the labelled derivative. A more severe drawback is the oxidative degradation of tryptophan, when p re sent, which interfers with a clean iodination of ty rosine in peptides.
For exam ple, iodination of somatostatin using all available iodinating procedures gave in all cases an heterogeneous family of derivatives each containing an oxidized tryptophan residue [9] .
These undesired products can induce erroneous in terpretation in receptor studies and radioim m unoas says. In this paper we propose the use of Nin-formyl [1 0 ] as tryptophan protecting group during tyrosine iodination. 
Experimental
Tyrosine, 3-iodo-tyrosine, 3,5-diiodo-tyrosine, tryptophan, chloramine T and all chemicals were pure commercial grade. Nin-formyl-tryptophan was prepared as already described [11] . The peptides H -T rp -G ly-O H [12] , H -G l y -T r p -O H [13] and P y r -G l y -P r o -T r p -L e u -O H [14] were prepared according to known procedures; H -P h e -V a l -A s n -T r p -L e u -L e u -O H was obtained by catalytic hydrogenation of the corresponding Na-benzyloxycarbonyl derivative, an interm ediate of the Gastric inhibitory polypeptide (G IP) synthesis [15] Table I, Table II and Table III . (Fig. 2 ) . The fractions with a 280 nm absorbance were lyophilized and subm itted to amino acid analysis after hydrolysis in 4 M m ethane sulfonic acid containing tryptam ine (0.2% ), 110 °C, 24 h [17] . N on-iodinated parent peptides were used as standard reference compounds. Each peptide was converted into the Nineq. iodine formyl derivative by dissolving it in H C O O H half saturated with anhydrous hydrochloric acid ( 2 h at 20 °C) [10] . Aliquots of the formic solution contain ing 1 //m ole of N in-formyl-Trp-peptide were evapo rated to dryness over KO H pellets and treated as above described (Table IV) . Results and Discussion rosine can be form ed quantitatively while the m onoiodo-derivative, when desired, needs a critical am ount of oxidant and its yield will not exceed 30-35%. An analogous pattern of reaction has been observed during electrolytic iodination of angioten sin II [3] . How ever in other labelling experim ents, reported in the literature, the partial iodination is mainly pursued by using an excess of reagent and a very reduced reaction time ( 1 0 sec), rather than a lack of oxidant. W hen tyrosine alone or in presence of tryptophan is treated with one equivalent of N al and an excess of chloramine T (Table I) tryptophan completely disap pears. This reaction does not seem to be iodine-con suming since the available iodine is almost quantita tively bound to tyrosine. In order to identify the agent responsible of the tryptophan modification, separate experiments showed that, even if tryp tophan is quite stable towards chloramine T at neutral pH, its destruction readily takes place in the pre sence of catalytic amounts of iodine. Conversely, N in-formyl-tryptophan shows a much greater stability towards the chloram ine/Nal system (Table I) .
When one equivalent of tryptophan together with one equivalent of tyrosine are treated with one equi valent of chloramine T (N al in excess), the most reactive amino acid is tryptophan (Table II) showing an apparent stoichiometry of one mole of chloramine T for one half mole of tryptophan. Nin-formyl-tryptophan, under this condition as well, behaves as an inert com pound and is completely recovered to gether with the iodo derivatives of tyrosine.
M oreover, if chloramine T is allowed to react with an excess of N al before the addition of tyrosine/tryp tophan or tyrosine/Nin-formyl-tryptophan mixtures, again the destruction of tryptophan takes place be fore the iodination of tyrosine (as reported in Table  III ) and again N in-form yl-tryptophan is unaffected. Since iodine is the only oxidative agent, the tryp tophan destruction com petes, in this case, with the iodination of tyrosine. Thus, even the use of iodine generated "in situ" by iodogens [6 ] or by electrolytic procedures [3] do not eliminate the tryptophan de gradation.
The susceptibility of tryptophan to electrophilic re agents, such as oxidants, is well known in the field of indole chemistry [11] , The Nin-formylation reduces the nucleophilic character of the indole moiety, which becomes more resistant towards oxidants and, in our experim ental conditions, even less reactive than the phenolic ring of tyrosine.
The results hitherto presented were obtained on free amino acids but it is well known that tryptophan in peptides can show reduced or enhanced reactivity [16] , depending on the surrounding peptide chain. Experim ents were therefore carried out on a number of tryptophan-containing peptides of different com position. In all cases their Nin-formyl derivatives are much more stable towards iodinating reagents than their N-unsubstituted counterpart (Table IV) .
The formylation of tryptophan is a reversible reac tion: the formyl group, which is stable at pH values lower than 9, can be easily and specifically removed in slightly alkaline solutions. Since the discovery of this reaction [1 0 ] a num ber of applications in the field of structure/activity studies of proteins [17, 18] and peptides [19] and in the field of peptide synthesis [20] have been published. The protection of tryptophan, via Nin-formylation, during iodination presented in this work, is another application and offers a simple procedure to prepare non-oxidized iodo-tyrosine containing peptides.
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